A polyphasic taxonomic study of a halotolerant bacterium, isolated from sandy rhizospheric soil in Sarbandar, Persian Gulf, Iran, revealed that strain HM6 T represents a novel species within the genus Nocardiopsis. Results of the 16S rRNA gene sequence comparison revealed that strain HM6 T clustered with strains of the genus Nocardiopsis, showing the highest degree of 16S rRNA gene sequence similarity to Nocardiopsis quinghaiensis (99.2 %), Nocardiopsis aegyptia (98.5 %) and Nocardiopsis halotolerans (98.3 %). However, DNA-DNA hybridization studies with these type strains revealed less than 39.6 % similarity. Rather than genotypic differences, there are some phenotypic discrepancies between strain HM6 T and closely related species of the genus Nocardiopsis. Main morphological and chemotaxonomical features of strain HM6 T include: (i) growth characteristics, i.e. the formation of a scant light-yellow to white aerial mycelium and the typical zig-zag form of the hyphae, which fragment during ageing into smooth rod-shaped spores; (ii) the presence of meso-diaminopimelic acid and glucose plus ribose in whole-cell hydrolysates; (iii) the presence of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and phosphatidylinositol, together with three unknown Nocardiopsis-specific phospholipids (close to diphosphatidylglycerol in position) in polar lipid extracts; (iv) the presence of the major menaquinones MK-10(H 0 ), MK-10(H 2 ) and MK-9(H 0 ) in the non-polar fraction; (v) the presence of iso/anteiso-branched plus 10-methyl-branched fatty acids, showing the diagnostic combination for species of the genus Nocardiopsis of iso-16 : 0 (31.1 %), anteiso-17 : 0 (19.2 %), 10-methyl-17 : 0 (5.8 %) and tuberculostearic acid (8.8 %); and (vi) the absence of mycolic acids. Analysis of the 16S rRNA gene sequence revealed that strain HM6 T represents a distinct taxon within the genus Nocardiopsis. Based upon genotypic and phenotypic differences from other members of the genus, a novel species, Nocardiopsis sinuspersici sp. nov., is proposed. The type strain is HM6 T (5UTMC 00102 T 5DSM 45277 T 5CCUG 57624 T ).
120 u C for 10 min (Nonomura & Ohara, 1971a ) and irradiating at 257 nm for 5 min (Galatenko & Trekhova, 1990) . The dried and irradiated samples were then treated with phenol (1.5 %) using the method of Hayakawa et al. (1991) . Enrichment of the micro-organisms was carried out by using chitin as described by Williams et al. (1972) . Isolation was carried out by the dilution plating method on GAC agar (Nonomura & Ohara 1971b) supplemented with cycloheximide (100 mg ml 21 ) after 3 weeks of incubation at 28 u C. Strains for comparison of physiological characteristics with HM6 T were obtained from Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany. These strains were maintained on ISP2 agar slants at 4 u C and as 20 % (w/v) glycerol suspensions at 220 u C.
Determination of morphological traits and colours of the aerial and substrate mycelium, as well as of soluble pigments, was performed as described by Shirling & Gottlieb (1966) . Mycelium colour was determined by comparing the culture with chips from ISCC-NBS colour charts (Kelly, 1964) . The intact arrangement of hyphae, notably aerial hyphae and spore chains, was observed on ISP2 agar after 14 days at 28 u C by using the coverslip technique (Kawato & Shinobu, 1959) . Micromorphological characteristics of strain HM6 T were observed by using scanning electron microscopy (CEM902A, Zeiss).
On ISP2 medium, a sparse spore mass on a light yellow background was observed (Table 1) . At the end of the hyphae, a zig-zag formation typical of members of the genus Nocardiopsis was observed. In older cultures, hyphae of aerial mycelium disintegrated into spore-like structures. During this process, the colour of colonies changed to dirty yellow. No pigments were released into any of the media tested. Vegetative hyphae were long, well-developed and fragmented during ageing. Long spore-chains were borne on the aerial hyphae. Spores (0.461.5 mm) were rodshaped and smooth-surfaced ( Fig. 1 ). Strain HM6 T showed the typical macroscopic and microscopic appearance of most species of the genus Nocardiopsis (Meyer, 1976 (Meyer, , 1989 .
Assimilation of carbon sources at a final concentration of 1 % (w/v) was tested by using ISP 9 as the basal medium (Shirling & Gottlieb, 1966) . Utilization of nitrogen sources, decomposition of other organic compounds, degradation activity and enzymic activity were determined as described by Williams et al. (1983) .
The strain was able to grow at 15-37 u C but not at 10 or 40 u C. Optimum growth temperature was 28 u C. Good growth could be obtained with 0 to 15 % NaCl but not in the presence of 17.5 % NaCl. Optimum salt concentration for growth was 2.5 %. Strain HM6 T could grow well from pH 5 to pH 12 but not at pH 4 or 13. Optimum pH for growth was 7.
Biomass for chemical and molecular systematic studies was obtained by cultivation for 6 days in shake flasks (200 r.p.m.) using GYM broth (Shirling & Gottlieb, 1966) , pH 7.2 at 28 u C. Cells were harvested by centrifugation and washed twice with deionized water. Analyses of amino acids and sugars were carried out by using the methods of Staneck & Roberts (1974) . Polar lipids and menaquinones were obtained from freeze-dried cells by using the integrated extraction method of Minnikin et al. (1984) . Polar lipids were separated by TLC (Minnikin et al., 1984) and menaquinones were analysed by HPLC (Kroppenstedt, 1982 (Kroppenstedt, , 1985 . Fatty acids were converted into their corresponding methyl esters, extracted and analysed by gas-liquid chromatography according to the method of Sasser (1990) .
Whole-cell hydrolysates of strain HM6 T contained mesodiaminopimelic acid and non-diagnostic sugars, including glucose and ribose. The diagnostic sugars arabinose, xylose and madurose were not detected. Therefore HM6 T is classified in cell-wall type III (Lechevalier & Lechevalier, 1980) . Strain HM6 T contained menaquinones in the following proportions: 48 % MK-10(H0), 22 % MK-10(H2), 18 % MK-9(H0), 7 % MK-9(H2) and 6 % MK-10(H4). Analysis of the polar lipid extracts by TLC showed the diagnostic phospholipids phosphatidylcholine and phosphatidylethanolamine (phospholipid pattern type III, according to Lechevalier et al., 1977) . Three phospholipid spots close to diphosphatidylglycerol, which is diagnostic for members of the genus Nocardiopsis, could be detected also, together with the non-diagnostic phosphatidylinositol, phosphatidylglycerol and some glycolipids of unknown structure (Kroppenstedt, 1992) .
Phospholipid pattern matched quite well with those found in species of the genus Nocardiopsis (Kroppenstedt & Evtushenko, 2006) . The fatty acid pattern revealed mainly iso/anteiso-branched and 10-methyl-branched fatty acids. The principal fatty acids were iso-16 : 0 (31.1 %), anteiso- Table 1 . Cultural characteristics of strain HM6 T ISP, International Streptomyces Project (Shirling & Gottlieb, 1966) . Colours were taken from ISCC-NBS colour charts (Kelly, 1964) .
Medium
Growth ,and 10-methyl-17 : 0 (5.8 %). The qualitative and quantitative composition of the fatty acid pattern is diagnostic for members of the genus Nocardiopsis (Kroppenstedt, 1985 (Kroppenstedt, , 1992 . All chemotaxonomic properties of strain HM6 T were consistent with its classification in the genus Nocardiopsis (Kroppenstedt & Evtushenko, 2006) . The DNA G+C base content of strain HM6 T was 71.6 mol% by HPLC (Mesbah et al. 1989 , Tamaoka & Komagata 1984 .
Genomic DNA was extracted by using a DNA extraction kit (JetFlex). PCR-mediated amplification of the 16S rRNA gene was performed by using the primers 10-30F (59-GAGTTTGATCCTGGCTCA-39) and 1500R (59-AGAA-AGGAGGTGATCCAGCC 239) as described by Rainey et al. 1996 . Purification of PCR products was carried out by using a DNA purification kit (Qiagen).
Phylogenies were inferred by using the maximum-likelihood (Felsenstein, 1993) , maximum-parsimony (Fitch, 1972) and neighbour-joining (Saitou & Nei, 1987) clustering algorithms from the PHYLIP software package (Felsenstein, 1993) . The resultant tree topologies were evaluated in a bootstrap analysis (Felsenstein, 1993 ) based on 1000 resamplings, using both the neighbour-joining and maximum-parsimony algorithms of the PHYLIP package (Felsenstein, 1993) . The root position of the neighbourjoining tree was deduced by using Nocardiopsis trehalosi VKM Ac-942 as the outgroup. (Stackebrandt & Goebel, 1994; Stackebrandt & Ebers, 2006) . DNA-DNA hybridization analyses were performed between strain HM6 T and the three type strains showing the highest 16S rRNA gene sequence similarity to HM6 T .
DNA was isolated by using a French pressure cell (Thermo Spectronic) and was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huß et al. (1983) using a Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in-situ temperature probe (Varian).
Analysis of strain HM6 T revealed only low DNA-DNA reassociation of 39.6 % with N. quinghaiensis DSM 44739 T , 30.7 % with N. halotolerans DSM 44410 T and 31.8 % with N. aegyptia DSM 44442 T ; values were far below the 70 % suggested for strains of the same species (Wayne et al., 1987) . Strain HM6 T differs from the type strains of N. quinghaiensis, N. aegyptia and N. halotolerans not only in its genotype but also in the phenotype (Table 2) . Strain HM6 T can be differentiated from N. quinghaiensis DSM 44739 T by physiological and chemotaxonomic characteristics (Table 2) . Strain HM6 T can also be distinguished from N. quinghaiensis DSM 44739 T by utilization of Dgalactose, melibiose, lactose, L-rhamnose, D-xylose, propionate, L-arabinose, inositol and allantoin. More impor- Major menaquinones* 10, 10/2, 9, 9/2, 10/4 10, 10/2, 11/2, 11, 9/4 10/6, 10/8 10/0, 10/2 10/6, 10/8 10/4, 10/6 10/4, 10/6 10/6, 10/4, 10/8, 11/8 10/0 *Menaquinones abbreviated e.g. 10/4, MK-10(H4).
tantly, strain HM6 T shows differences in growth at 10 u C, 15 % NaCl and pH 12 compared with N. quinghaiensis DSM 44739 T , N. aegyptia DSM 44442 T and N. halotolerans DSM 44410 T . Also, from a chemotaxonomical point of view, it has differences in whole-cell sugars, phospholipid pattern, major menaquinones and predominant fatty acids (Table 3) be used. L-Alanine, L-asparagine, L-histidine, L-proline, Larginine, L-serine, L-valine, L-phenylalanine, L-lysine and Ltyrosine can be utilized as sole nitrogen sources, whereas Lcystine, L-ornithine and L-tryptophan cannot. Grows at 15-37 u C (optimum 28 u C), pH 5-12 (optimum pH 7) and 0-15 % NaCl (optimum 2.5 %). The fatty acid profile includes iso-16 : 0, anteiso-17 : 0, 10-methyl-18 : 0, anteiso-15 : 0, 18 : 0, 10-methyl-17 : 0, iso-18 : 0, cis-9 18 : 1, iso-14 : 0, iso-17 : 0, 17 : 0 and cis-9 17 : 1. Whole-cell hydrolysates contain meso-diaminopimelic acid and the non-diagnostic sugars glucose and ribose. The principal menaquinones are MK-10(H 0 ), MK-10(H 2 ) and MK-9(H 0 ); however, MK-9(H 2 ) and MK-10(H 4 ) are also present. The DNA G+C content of the type strain is 71.6 mol%. Polar lipids are phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and phosphatidylinositol together with three unknown phospholipids located above diphosphatidylglycerol, which is diagnostic for members of the genus Nocardiopsis. Mycolic acids are absent.
The type strain is HM6 T (5UTMC 00102 T 5DSM 45277 T 5CCUG 57624 T ) isolated from rhizospheric soil taken at a depth of 10 cm on the seashore of the Persian Gulf, Sarbandar, southern Iran. 
